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ABSTRACT  
The construction industry is a knowledge-based industry where various actors with 
diverse expertise create unique information within different phases of a project. The 
industry has been criticized by researchers and practitioners as being unable to apply 
newly created knowledge effectively to innovate. The fragmented nature of the 
construction industry reduces the opportunity of project participants to learn from 
each other and absorb knowledge. Building Information Modelling (BIM), referring to 
digital representations of constructed facilities, is a promising technological advance 
that has been proposed to assist in the sharing of knowledge and creation of linkages 
between firms. Previous studies have mainly focused on the technical attributes of 
BIM and there is little evidence on its capability to enhance learning in construction 
firms. This conceptual paper identifies six ‘functional attributes’ of BIM that act as 
triggers to stimulate learning: (1) comprehensibility, (2) predictability, (3) accuracy, 
(4) transparency, (5) mutual understanding and (6) integration. 
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INTRODUCTION  
The ability of stakeholders to learn from their competitors and business partners in 
today’s increasingly competitive construction environment is critical. Changing 
practices, the cyclical nature of the industry and its vulnerability to external shocks 
such as the Global Financial Crisis (GFC), demands more competencies and 
absorption of new relevant knowledge.  
 
Complex and fragmented communication among project participants in the 
construction industry is a key factor that hinders the process of knowledge acquisition. 
In particular, the reciprocal relationships between different disciplines such as 
engineers, suppliers, contractors and authorities embedded in a project has resulted in 
complicated information sharing and discrete communication (Sears et al., 2010). In 
this context, Lindner and Wald (2011) argue that the knowledge obtained by team 
members in construction projects is not always well recorded and transferred. 
Therefore, many construction organizations continue to have a low ability to embrace 
new ideas and learn from the external environment. Technological and IT advances 
promise to improve and change traditional stakeholder relationships through better 
knowledge management, and creation of collaborative learning environments (Yang et 
al., 2012).  
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Building Information Modelling (BIM), which refers to digital representations of 
construction projects, is a promising technological advance that has been proposed to 
 assist in the sharing of knowledge and creation of linkages between firms. BIM creates 
an opportunity for academic and industry practitioners to understand the real-life 
construction processes through a virtual environment. There is however little evidence 
to show how BIM may facilitate knowledge absorption in the construction industry 
context. The increasingly widespread use of BIM as a virtual model of a building 
implies its potential as a learning tool that facilitates the creation, transformation and 
utilization of knowledge; but this has not been tested. This paper seeks to address this 
research gap and introduce the functional attributes of BIM that will increase 
contractor construction firms’ learning capability.  
THE ROLE OF BIM IN LEARNING 
BIM has emerged as a specific technology to assist with creating, sharing and 
managing information among construction project stakeholders. BIM is thought to 
provide a continuous learning process by collecting, transferring, and retrieving 
various types of data in different phases of the building life cycle. At its core, BIM 
technology simulates construction tasks using a virtual, computerized model (Azhar, 
2011). BIM is more than simply a modelling technology though, as its use dictates 
processes such as interdisciplinary communication and continuous feedback (Eastman 
et al., 2008). The definition of BIM employed here is that of the National Institute of 
Building Science (2007):  
“[BIM is] a digital representation of …[the] characteristics of a facility. As 
such it serves as a shared knowledge resource for information about a facility 
forming a reliable basis for decisions during its lifecycle from inception 
onward.” (p.21) 
Initial university-based research has identified that BIM can improve students’ plan-
reading skills, material quantity take-off skills, and overall ability to simulate real-
world construction project conditions (Peterson et al., 2011, Kim, 2012).While these 
studies introduce BIM as a learning tool, they do not indicate the latent potential of 
BIM in developing learning capacity in a collaborative construction  environment.  
From an industry perspective, Lu et al. (2013) measured the benefits of BIM as a 
learning tool to improve productivity in real-life construction tasks. Their work 
emphasized the ability of BIM to support “learning by doing” in projects, but did not 
specify the specific attributes of BIM use that assist project participants to learn from 
each other. Numerous authors have documented the technical capabilities of BIM at 
different stages of a project life cycle (Eastman et al., 2011). These attributes include: 
visualization and the generation of 3D views (3D), project scheduling (4D), 
identification of collisions (4D), safety analysis, constructability analysis, material 
quantity take-off and model-based cost estimation (5D). Very few authors have 
examined the direct effects of BIM on firm learning, termed here as ‘functional 
attributes.’ These functional attributes may or may not be realised by firms with BIM. 
Functional attributes represent the animation of technical attributes – and this is not 
guaranteed. In order to cover this shortcoming, a thorough literature review was 
conducted to identify the ‘functional attributes’ of BIM that directly encourage 
learning.  
 
REVIEW METHODOLOGY 
Literature on the technical and organizational aspects of BIM was reviewed to reveal 
its underlying functional attributes that benefit construction firms’ learning. These 
technical aspects were extracted mainly from a BIM handbook (Eastman et al., 2011) 
and then examined in further detail through a significant number of peer reviewed 
 journals and industry publications. Articles published between 2004 and 2014 were 
the focus of the search process because the term BIM was not widely used by 
practitioners before this period (Lee et al., 2006). The article databases and publishers 
searched included the “American Society of Civil Engineers (ASCE)”, “Science 
Direct”, “Google Scholar”, “Emerald” and “Taylor & Francis”. The search strings that 
were adopted include phrases such as “Building Information Modeling (BIM)”, “BIM 
and contractors”, “BIM advantages”, and “BIM and construction”. In addition to these 
phrases the application of BIM in daily construction tasks was explored by combining 
‘BIM’ with other terms including:  ‘cost estimation’, ‘scheduling’, ‘site layout’, 
‘safety’ and ‘clash detection’. A total of 82 articles in the 
Architect/Engineer/Construction (AEC) domain were identified, though not all are 
referenced here due to space considerations. From these articles, six functional 
attributes of BIM were identified. 
 
BIM FUNCTIONAL ATTRIBUTES  
This section introduces the functional attributes of BIM that are proposed to positively 
improve learning.  
1. Comprehensibility 
Firms can use the technical attributes of BIM to improve the comprehensibility of 
building information. The American Heritage Dictionary defines comprehensible as 
“readily comprehended or understood” (Askira-Gelman, 1998). The BIM virtual 
environment allows project participants to have a thorough understanding of all 
aspects of a construction project. The positive impact of visualization technology on 
the comprehensibility of project members has been widely acknowledged, with Ma et 
al. (2005) observing that graphical simulation of work plans assisted employees to 
more effectively understand construction sequences. Other researchers have noted 
BIM’s ability to generate links between building elements and their related 
construction activities. This can increase project manager’s understanding of the shift 
from design to production phases (Linderoth, 2010), and consequently  their ability to 
assess competing design alternatives (Aranda‐Mena et al., 2009). Kim (2012) found 
that students obtained a deeper understanding of assembly methods by viewing the 
project as a 3D model and visualizing building elements. Research has also revealed 
that the visualization of facilities in BIM significantly reduces the practical 
complexities of installing building services such as electrical systems (Hanna et al., 
2014).  
2. Predictability 
Firms can use the technical attributes of BIM to improve the predictability of project 
outcomes. Crotty (2012) has highlighted poor predictability as a fundamental problem 
facing the modern construction industry, engendered predominantly by poor quality 
project information. The increased capability of contractors to consider and predict 
future problems would thus improve the efficiency of construction. Construction 
simulation in BIM enhances the predictability of potential conflicts prior to the 
construction stage  (Eastman et al., 2011). For example, Khanzode et al. (2008) used 
BIM tools and processes for the coordination of Mechanical, Electrical and Plumbing 
(MEP) systems on a large healthcare project. They observed that subcontractors could 
predict clashes in the MEP systems building elements prior to the construction phase, 
which improved construction productivity.  
 
 The ease of decision-making in the initial phases of a project is considered as another 
significant benefit of BIM (Rohani et al., 2013). Project team members, particularly 
contractors are able to evaluate a variety of ‘what-if’ construction scenarios and select 
the most appropriate strategy fit to the project objectives (Grilo and Jardim-Goncalves, 
2010).  
3. Accuracy 
Firms can use the technical attributes of BIM to obtain more accurate cost estimates. 
Accuracy is one of the core objectives of using BIM in daily construction tasks (Xu et 
al., 2014). The defining of various levels of detail in a BIM model allows a quantity 
surveyor or a cost engineer to produce more reliable and accurate cost estimations (Ma 
et al., 2013). The case-study conducted by Kim (2012) observed that apprentices 
produced more precise estimation compared to manual estimation (2D drawings) 
through BIM’s automated quantity take-off. Furthermore, the automatic clash 
detection of BIM reduces design errors and the need for rectifying rework (Eastman et 
al., 2011). BIM also reinforces accuracy by minimizing repetitive project tasks. For 
example, Peterson et al. (2011) used BIM in a construction engineering course and 
noted it reduced manual data entry and facilitated students greater accuracy in cost 
estimation tasks.  
4. Transparency 
Firms can use the technical attributes of BIM to provide a more transparent work 
environment. In a transparent environment participants are more motivated to share 
knowledge and learn from partners (Lipshitz et al., 2002). A recent study directed by 
Schnackenberg and Tomlinson (2014) defined transparency as “the perceived quality 
of intentionally shared information from a sender.” (p.5). They further defined this 
quality as dictated by the information’s:  
 Accuracy: how reliable it is. 
 Clarity: how meaningful it is, and   
 Disclosure: how timely and relevant it is.  
Crotty (2012) states that the inherent consistency between drawings, schedules, 
estimate items and all other outputs through BIM’s interoperable model of data 
exchange results in reliable information. Marzouk and Abdelaty (2014) highlight that 
much meaningful information can be extracted from a BIM model that not only stores 
building geometry, but also information such as quantity, cost, time and place of the 
building elements and material characteristics. Through a case study, Wang et al. 
(2014) used BIM for maintenance process visualization and coordination and found 
that real-time tracking and in-time adjusting of information in BIM allowed workers to 
effectively coordinate and communicate.  
5. Mutual Understanding 
Firms can use the technical attributes of BIM to enable mutual understanding between 
project partners. When each partner has a clear understanding of others’ needs, 
exchanging of information and reaching a compromise becomes less stressful 
(Nyström, 2005). Barlow and Jashapara (1998) underline that involving people from 
later assembly phases in the planning stage for direct negotiation and problem-solving 
purposes improves the level of mutual understanding. Similarly, Beach et al. (2005) 
found that the early involvement of key participants’ knowledge in a project provided 
a clearer vision of communal problems.  
 
 Specifically in the context of using BIM, Moum (2010) found that the interdisciplinary 
use of a BIM model in the design process of a real-life project was beneficial in 
generating a sense of shared understanding of intentions and needs. Sebastian (2010) 
examined the use of BIM in a pilot project of small-scale housing and found that the 
early involvement of key participants was reinforced through a BIM-based 
collaborative design. The work by Bosch-Sijtsema and Henriksson (2014) showed that 
the application of BIM in detecting clashes led to meaningful interactions between 
project team members.  
6. Integration 
Firms can use the technical attributes of BIM to enhance the integration of project 
processes and participants. It has been argued that an integrated database system 
positively improves sharing of operational information between supply chain partners 
(Shang, 2009). Integration and collaboration of stakeholders during the project life 
cycle are inherent features of an effective BIM process (Fu et al., 2006). BIM supports 
the integration of project stakeholders through a variety of ways comprising: (1) data 
integration; (2) system integration; (3) process integration; and (4) integrated business 
practices (Olatunji, 2014). The integration of data and systems facilitate the 
management of changes across the project life cycle, and not only in the design phase. 
Therefore, if any changes in the design model are necessary, contractors can easily 
update their construction information (Shen et al., 2010). The application of BIM 
technical attributes such as 4D visualization and interoperability also strengthens the 
concurrent collaboration of project development teams and assists key participants to 
seamlessly review design alternatives through a BIM shared model and select the best 
construction method (Sacks et al., 2010, Eastman et al., 2011). 
 
CONCLUSION 
The construction industry has long been criticized for low innovation and poor 
productivity performance in comparison with other industries. In the literature, 
organizational learning is considered as an underlying mechanism for competitive 
advantage and productivity improvement. In fact, learning capability represents the 
organization’s ability to adapt to changing market demands. The fragmented nature of 
the construction industry impedes learning and creates barriers to the effective 
absorption of knowledge. Each construction project is a temporary inter-organizational 
venture consisting of multiple parties that interact only during project duration. These 
features make the process of learning challenging for organizations. 
 
The increasingly widespread use of BIM as a virtual model of a building implies its 
potential as a learning tool that facilitates the creation, transformation and utilization 
of knowledge. The review of the literature revealed that only the technical attributes of 
BIM have been examined in previous research. Existing literature does not clearly 
show how BIM can help practitioners in the construction industry to learn and uptake 
new knowledge or ideas from their partners. This paper highlights the functional 
attributes of BIM that can positively impact on a firm’s learning capabilities.  
 
A shortcoming of the paper is that the validity of the six newly identified functional 
attributes has not been empirically tested yet. In order to validate their potential role in 
organizational learning, measurable items will be developed and a survey will be 
distributed to contractor companies in a future study by the authors. Contractor 
companies will be the population for the study as they are at the center of 
communication channels with other project members and primarily govern the 
 project’s progress. The theory of Absorptive Capacity (AC) will be adopted as a type 
of organizational learning capability in order to provide a valid measure of BIM’s 
impact. This capacity indicates how successful an organization is in capturing, 
transferring and applying knowledge. The research will seek to test the relationships 
between each of the proposed BIM functional attributes, with a view to further 
theoretical refinement that will guide future practice. It is hoped the results of the 
future study will encourage construction companies to revise and develop their BIM 
proficiencies in order to achieve higher levels of learning and subsequently enhance 
their productivity.  
 
REFERENCES 
ARANDA‐MENA, G., CRAWFORD, J., CHEVEZ, A. & FROESE, T. 2009. 
Building information modelling demystified: does it make business sense to 
adopt BIM? International Journal of Managing Projects in Business, 2, 419-
434. 
 
ASKIRA-GELMAN, I. Knowledge discovery: comprehensibility of the results.  
System Sciences, 1998., Proceedings of the Thirty-First Hawaii International 
Conference on, 6-9 Jan 1998 1998. 247-255 vol.5. 
 
AZHAR, S. 2011. Building Information Modeling (BIM): Trends, Benefits, Risks, and 
Challenges for the AEC Industry. Leadership and Management in 
Engineering, 11, 241-252. 
 
BARLOW, J. & JASHAPARA, A. 1998. Organisational learning and inter‐firm 
“partnering” in the UK construction industry. The Learning Organization, 5, 
86-98. 
BEACH, R., WEBSTER, M. & CAMPBELL, K. M. 2005. An evaluation of 
partnership development in the construction industry. International Journal of 
Project Management, 23, 611-621. 
 
BOSCH-SIJTSEMA, P. M. & HENRIKSSON, L.-H. 2014. Managing projects with 
distributed and embedded knowledge through interactions. International 
Journal of Project Management, 32, 1432-1444. 
 
CROTTY, R. 2012. The impact of building information modelling: transforming 
construction, Milton Park, Abingdon, Oxon; New York, SPON Press. 
 
EASTMAN, C., TEICHOLZ, P., SACKS, R. & LISTON, K. 2008. BIM Handbook: A 
Guide to Building Information Modeling for Owners, Managers, Designers, 
Engineers, and Contractors. BIM Handbook. John Wiley & Sons, Inc. 
 
EASTMAN, C., TEICHOLZ, P., SACKS, R. & LISTON, K. 2011. BIM Handbook : 
A Guide to Building Information Modeling for Owners, Managers, Designers, 
Engineers and Contractors. 2 ed. Hoboken: Wiley. 
 
FU, C., AOUAD, G., LEE, A., MASHALL-PONTING, A. & WU, S. 2006. IFC 
model viewer to support nD model application. Automation in Construction, 
15, 178-185. 
 GRILO, A. & JARDIM-GONCALVES, R. 2010. Value proposition on 
interoperability of BIM and collaborative working environments. Automation 
in Construction, 19, 522-530. 
 
HANNA, A., YEUTTER, M. & AOUN, D. 2014. State of Practice of Building 
Information Modeling in the Electrical Construction Industry. Journal of 
Construction Engineering and Management, 140, 05014011. 
 
KHANZODE, A., FISCHER, M. & REED, D. 2008. Benefits and lessons learned of 
implementing building virtual design and construction (VDC) technologies for 
coordination of mechanical, electrical, and plumbing. ITcon, 13, 324-342. 
 
KIM, J. 2012. Use of BIM for Effective Visualization Teaching Approach in 
Construction Education. Journal of Professional Issues in Engineering 
Education and Practice, 138, 214-223. 
 
LEE, G., SACKS, R. & EASTMAN, C. M. 2006. Specifying parametric building 
object behavior (BOB) for a building information modeling system. 
Automation in Construction, 15, 758-776. 
 
LINDEROTH, H. C. J. 2010. Understanding adoption and use of BIM as the creation 
of actor networks. Automation in Construction, 19, 66-72. 
 
LINDNER, F. & WALD, A. 2011. Success factors of knowledge management in 
temporary organizations. International Journal of Project Management, 29, 
877-888. 
 
LIPSHITZ, R., POPPER, M. & FRIEDMAN, V. J. 2002. A Multifacet Model of 
Organizational Learning. The Journal of Applied Behavioral Science, 38, 78-
98. 
LU, W., PENG, Y., SHEN, Q. & LI, H. 2013. Generic Model for Measuring Benefits 
of BIM as a Learning Tool in Construction Tasks. Journal of Construction 
Engineering and Management, 139, 195-203. 
 
MA, Z., SHEN, Q. & ZHANG, J. 2005. Application of 4D for dynamic site layout and 
management of construction projects. Automation in Construction, 14, 369-
381. 
MA, Z., WEI, Z. & ZHANG, X. 2013. Semi-automatic and specification-compliant 
cost estimation for tendering of building projects based on IFC data of design 
model. Automation in Construction, 30, 126-135. 
 
MARZOUK, M. & ABDELATY, A. 2014. Monitoring thermal comfort in subways 
using building information modeling. Energy and Buildings, 84, 252-257. 
 
MOUM, A. 2010. Design team stories: Exploring interdisciplinary use of 3D object 
models in practice. Automation in Construction, 19, 554-569. 
 
NATIONAL INSTITUTE OF BUILDING SCIENCE 2007. NATIONAL BUILDING 
INFORMATION MODELING STANDARD-Version 1 - Part 1: Overview, 
Principles, and methodologies. 
 NYSTRÖM, J. 2005. The definition of partnering as a Wittgenstein 
family‐resemblance concept. Construction Management and Economics, 23, 
473-481. 
OLATUNJI, O. A. 2014. Views on building information modelling, procurement and 
contract management. Proceedings of the ICE - Management, Procurement 
and Law, 167, 117-126. 
 
PETERSON, F., HARTMANN, T., FRUCHTER, R. & FISCHER, M. 2011. Teaching 
construction project management with BIM support: Experience and lessons 
learned. Automation in Construction, 20, 115-125. 
 
ROHANI, M., FAN, M. & YU, C. 2013. Advanced visualization and simulation 
techniques for modern construction management. Indoor and Built 
Environment. 
 
SACKS, R., KOSKELA, L., DAVE, B. & OWEN, R. 2010. Interaction of Lean and 
Building Information Modeling in Construction. Journal of Construction 
Engineering and Management, 136, 968-980. 
 
SCHNACKENBERG, A. K. & TOMLINSON, E. C. 2014. Organizational 
Transparency: A New Perspective on Managing Trust in Organization-
Stakeholder Relationships. Journal of Management. 
 
SEARS, S. K., SEARS, G. A. & CLOUGH, R. H. 2010. Construction project 
management: a practical guide to field construction management, John Wiley 
& Sons. 
 
SEBASTIAN, R. 2010. Integrated Design and Engineering using Building 
Information Modelling: A Pilot Project of Small-Scale Housing Development 
in The Netherlands. Architectural Engineering and Design Management, 6, 
103-110. 
SHANG, K.-C. 2009. Integration and organisational learning capabilities in third-party 
logistics providers. The Service Industries Journal, 29, 331-343. 
 
SHEN, W., HAO, Q., MAK, H., NEELAMKAVIL, J., XIE, H., DICKINSON, J., 
THOMAS, R., PARDASANI, A. & XUE, H. 2010. Systems integration and 
collaboration in architecture, engineering, construction, and facilities 
management: A review. Advanced Engineering Informatics, 24, 196-207. 
 
WANG, X., WANG, J., TRUIJENS, M., SHOU, W. & HOU, L. 2014. Integration of 
BIM and Lean Concepts to Improve Maintenance Efficiency: A Case Study. 
Computing in Civil and Building Engineering (2014). 
 
XU, H., FENG, J. & LI, S. 2014. Users-orientated evaluation of building information 
model in the Chinese construction industry. Automation in Construction, 39, 
32-46. 
 
YANG, L.-R., CHEN, J.-H. & WANG, H.-W. 2012. Assessing impacts of information 
technology on project success through knowledge management practice. 
Automation in Construction, 22, 182-191. 
